Effects on wool growth rate of abomasal supplements of several amino acids (glycine, glutamic acid, arginine, lysine, and threonine) and of some sulphurcontaining compounds (L-cysteamine, sulphuric acid, and methionine hydroxy analogue) were examined. None of the abomasal supplements, apart from methionine hydroxy analogue, was effective for stimulating wool growth. Methionine hydroxy analogue did not influence wool growth rate when given as a dietary supplement.
INTRODUCTION
Sulphur-containing amino acids (S-amino acids), given as abomasal supplements to sheep, produce substantial increases in the rate of wool growth (Reis and Schinckel 1963; Reis 1967) . Studies with abomasal supplements of proteins have shown large differences in the value of various proteins for wool growth (Reis and Schinckel 1964; Colebrook and Reis 1969) , but the influence of other specific amino acids on wool growth rate is not known. The low wool growth rates obtained in response to gelatin, even when supplemented with S-amino acids (Reis and SchinckeI1964) , and to maize gluten which contains adequate S-amino acids (Colebrook and Reis 1969) , suggest that other amino acids are important. Consequently, the effects of abomasal supplements of several amino acids (glycine, glutamic acid, arginine, lysine, and threonine) on wool growth rate were examined. Wool growth rates in response to supplements of non-amino acid sulphur-containing compounds given per abomasum, and of one of these, methionine hydroxy analogue (MHA),t given in the diet, were also examined.
Glycine and glutamic acid were given as sources of non-essential amino acids. Lysine and threonine were chosen for study as, after methionine, they are frequently limiting for growth in several species of animals (Block and Mitchell 1946 ; Rosenberg 1959; Swaminathan 1967) . Also, these amino acids are specifically required in the L-form and cannot be replaced by the D-isomer or the corresponding a-keto acid (Berg 1959; Greenstein and Winitz 1961; Meister 1965) . Although it may not be an essential amino acid for sheep (Downes 1961) , arginine was studied because relatively large amounts are present in wool (Spector 1956; Crewther et al. 1965) , and it has the ability to stimulate output of growth hormone and insulin in sheep (Machlin et al. 1968) . These protein anabolic hormones could be involved in wool growth responses obtained with abomasal supplements of amino acids and proteins (Reis 1967 .
II. EXPERIMENTAL
Seventeen Merino, four English Leicester x Merino, and two Corriedale castrate male sheep were used in the experiments. Sheep which received supplements per abomasum were each fitted with an abomasal cannula and were kept in metabolism cages in a room maintained at 22-24°C; other sheep received dietary supplements in single pens indoors, with no temperature control. All sheep were fed once daily, between 9 and 10 a.m.; the basal ration was 600-800 g/day of a mixture of equal parts of chopped wheaten and lucerne hays.
Abomasal supplements were usually given in 2 litres of aqueous solution, either by gravity drip or with a peristaltic pump, for 8-10 hr each day, commencing when the sheep were fed; L·threonine was given in 1 litre of solution for 6 hr per day and L·arginine was infused continuously at the rate of approximately 300 ml in 24 hr. The amounts of the various abomasal supplements are indicated with the results of each experiment.
Most abomasal supplements were given for periods of 5-9 weeks, and estimates of wool growth rate were made by the tattooed patch method (Reis 1967) . Each sheep had two patches on the shoulder or midside (size approx. 10 by 10 cm) and wool growth rate was calculated as milligrams clean dry wool per square centimetre per day. Supplements of arginine and threonine were given for periods of 12 and 14 days respectively, and the wool growth responses were assessed by the autoradiographic technique of Downes, Clarke, and Dagg (1967) ; both length growth rate and diameter of fibres were measured. These experimental periods of 12 and 14 days are long enough to obtain valid estimates of the responses to supplements of casein and S-amino acids (Downes and Reis, unpublished data) . Intravenous injections of L-[35S]cystine were given at intervals of 4 days and fibre diameter was measured at the front of each radioactive zone. The number of sites sampled and the number of fibres measured are indicated with each experiment.
III. RESULTS AND DISCUSSION

(a) Effects of Non-essential Amino Acids and Sulphur-containing Oompounds
The effects of various abomasal supplements on wool growth rate are shown in Table l . The addition of 20 g glycine to a daily supplement of 60 g casein had little effect on wool growth rate. This result does not support an earlier suggestion (Reis and Schinckel1964) that the poor wool growth response obtained with gelatin may be related to its high glycine content. An abomasal supplement of 2 gjday L-cysteine increases wool growth rate markedly (Reis and Schinckel 1963; Reis 1967) . In contrast, abomasal supplements of glycine, glutamic acid, or of both amino acids (all supplements supplying molar equivalents of 2 g of cysteine) had no effect on wool growth rate, except for a slight increase with glycine (Table 1) . These results confirm the earlier result of Reis and Schinckel (1963) with one sheep receiving glycine and glutamic acid, and it can be concluded that, in contrast to S-amino acids, small supplements of non-essential amino acids have no effect on wool growth. Likewise, abomasal supplements of L-cysteamine and sulphuric acid, both supplying the same amount of sulphur as 2 g of cysteine, had no effect on wool growth rate (Table 1) .
A supplement of 3 gjday of MHA (equivalent to 2 g cysteine) approximately doubled wool growth rate (Table 1) , thus confirming a previous result (Reis 1967) . The rate of wool growth was lower with a supplement of 12 gjday of MHA, but this value may have been underestimated relative to the effect of 3 gjday because of the length and sequence of supplementation. High levels of methionine (8-10 gjday) given per abomasum usually depress wool growth (see Fig. 1 , and Reis 1967) .. In contrast, there was no evidence of depression by a similar amount of MHA, although the response was not maximal (Table 1) . As MHA is an effective abomasal supplement for stimulating -wool growth, the effect on wool growth of MHA at different levels of dietary supplementation was investigated in four groups each of three Merino sheep. During an initial (control) period of 12 weeks all sheep received 800 g/day of the basal diet; during a further period of 12 weeks MHA was added to the diet of each group at the levels of nil, 2, 4, and 8 g/day respectively. The diets were ground and pelleted. The mean wool growth rates for each group during the last 8 weeks of MHA supplementation (expressed relative to mean rates for the control period) were 108,113,107, and 115% respectively, showing that MHA at the doses given did not influence wool growth rate. Thus it would appear that MHA is degraded in the rumen and, in common with methionine (Colebrook et al. 1968) , is not a useful dietary supplement for stimulating wool growth. 
(b) Influence of Some Essential Amino Acids on Wool Growth Rate
The effects on wool growth ofthree amino acids (arginine, lysine, and threonine) were studied. Abomasal supplements of 2 g or 6 g/day of L-arginine given to two sheep as continuous infusions, had no effect on length growth rate of wool fibres nor on wool fibre diameter (Table 2) .
Abomasal supplements of 2 g or 10 g/day of L-Iysine hydrochloride, given to two sheep, had no effect on wool growth rate [ Fig. l(a) ]. Another sheep, whose wool growth had been depressed by an abomasal supplement of 9· 8 g/day of DL-methionine and then stimulated by 1· 5 g/day of DL-methionine, also failed to respond further to an additional supplement of 2 g/day of L-Iysine hydrochloride [ Fig. l(b) ]. It can be concluded that, with a diet supporting a moderate rate of wool growth, L-Iysine does not influence wool growth even when the methionine requirement is satisfied.
Two sheep were given abomasal supplements ofL-threonine: 2 g/day for 2 weeks followed by 6 g/day for 2 weeks. There were no significant effects on length growth rate nor on fibre diameter (Table 3) . Supplements of 2 g/day DL-methionine, given to two sheep, increased both length growth rate and fibre diameter (Table 3 ) and increased fibre volume by 46 and 28%. Addition of2 g/day L-threonine to the methionine produced no further change in wool growth (Table 3 ). These results indicate that, although wool growth responses can be obtained with methionine supplements in short-term experiments, L-threonine does not influence wool growth rate under these conditions. Apart from proteins, only methionine, cyst(e)ine, or MHA have been shown to stimulate wool growth when given as a sole abomasal supplement to sheep (Reis and Schinckel 1963; Reis 1967) . In the present study some essential amino acids that frequently limit growth in animals, non-essential amino acids, and other sources of sulphur, did not influence wool growth. These results render less likely the involvement of protein anabolic hormones in wool growth responses obtained with abomasal supplements of amino acids and proteins (Reis 1967 . Although various amino acids may be needed as supplements to specific proteins, such as gelatin, given per abomasum, it appears unlikely that abomasal supplements of anyone amino acid, other than the S-amino acids, will influence wool growth rate with normal roughage diets.
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